This paper estimates the effect of having children on labor force participation of mothers in urban Iranian areas. I exploit sex composition of children as an exogenous source of variation in family size to account for endogeneity of fertility. Using information from the Iranian Household Income and Expenditure Survey (HIES) over three samples, namely, households with one and more, two and more, and three and more children, I find no significant effect of fertility on female labor force participation in Iran. JEL codes: J13, J22
Introduction
In economic literature, children are often considered a barrier to female labor force participation (FLFP). In the last three decades, fertility in Iran has dropped sharply from an average of seven births per woman in 1984 to less than two births in 2005. Although fertility in Iran has experienced one of the fastest declines in modern human history, no considerable rise in FLFP in Iran is documented (Aghajanian 1995; Abbasi-Shavazi et al. 2009; Majbouri 2010) . Using household-level information, this paper investigates the effect of children on FLFP of mothers in urban Iran.
The association between fertility and FLFP is extensively documented in theoretical models of work and family. While it is difficult to empirically estimate the endogenous effect of fertility on FLFP (Schultz 1981; Goldin 1995) , several studies estimate its causal effect by exploiting an exogenous variation in family size. For example, Rosenzweig and Wolpin (1980) and Bronars and Grogger (1994) use twinning at the first birth. Angrist and Evans (1998) use an instrumental variables (IV) strategy based on the sex composition of siblings in families with two or more children. Agüero and Marks (2008) exploit random assignment of infertility as an exogenous variation in family size. Using the Iranian Household Income and Expenditure Survey (HIES), this paper contributes new evidence on the effect of fertility on FLFP by using an IV strategy.
I follow Angrist and Evans (1998) strategy to construct IV estimates of the effect of fertility on FLFP based on sex composition of children. While in the US, parents are more likely to have a third child if their first two children are of the same sex, in Iran, as parents prefer sons to daughters, the presence of daughters in their previous children acts as a positive shock to fertility. To show this relationship and investigate the effect of children on FLFP, I construct three samples: one with families with one and more children (1 + ), another with two and more children (2 + ), and the third with three and more children (3 + ). In all these samples, families with more daughters than sons are more likely to have another child. In other words, presence of more girls relative to boys results in an increased likelihood of having another child. Considering this relationship, I construct an IV based on the sex composition of previous children to investigate the effect of fertility on FLFP by using dummies for the gender of the first child, the first two children, and the first three children in the samples of 1 + , 2 + , and 3 + , respectively. As sex-selective abortion and infanticide are rare in Iran, I consider sex composition among children as essentially random. To support this claim, I follow Almond and Edlund (2008) by observing that sex ratio does not vary significantly with birth order parity and sex composition of the previous children.
To the best of my knowledge, this is the first estimation of the effect of fertility on FLFP in Iran. While most empirical estimations of the effect of fertility on FLFP find a negative impact, which in most cases is less negative than its ordinary least squares (OLS) counterparts, I find no significant effect of children on the labor force participation of Iranian mothers in urban areas. This result is similar to Agüero and Marks (2008) , who find an insignificant effect of fertility on FLFP in six Latin American countries.
The rest of this paper is organized as follows. In the next section, I present the data. In section "Sex composition of children and fertility", I describe the methodology and explain how fertility in Iran is influenced by the sex composition of previous children. Section "Estimation results" presents the results, and section "Conclusion" concludes.
Data and descriptive statistics
I use data from the HIES (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) . This survey is conducted annually by the Statistical Center of Iran. For each member of a family, this survey contains information on demographic characteristics such as geographic location, age, gender, education, relationship with the householder, marriage status, employment status, occupation, and income. It also contains information on family expenditures, housing characteristics, and ownership of assets and amenities.
The number of households in the HIES ranged from 17,500 in 1998 to 36,500 in 1995. To ensure that the insignificant effect of fertility on FLFP is not a result of insufficient data, I use 10 rounds of the HIES data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , all of which follow the same definition for labor force participation.
The following restrictions are applied to the sample. 1) Polygamous families are excluded from the sample; otherwise, it would have been impossible to match the children to the women. 2) I exclude all cases wherein two or more families share a common residence. Given that household identification, which is based on residential address, is the only way to distinguish families, I am unable to distinguish children of families that share the same residence. 3) Similar to most household surveys, the HIES does not track children according to their households. To match the children with their respective mothers, I restrict the sample to women aged between 20-35 years whose oldest child is younger than 18 years. Few women younger than 19 have two or more children, and women older than 35 are likely to have children who have already migrated from the family. By restricting the sample, I ensure that the family's oldest child is still living with the parents and has not migrated from the family on account of marriage, higher education, or work.
Additional file 1: Table S1 compares the selected sample with the overall sample of women for some measures of fertility and FLFP. The three samples of women include: (1) women aged between 20-35 years; (2) women aged between 36-50 years; and (3) women aged between 20-35 years with two or more children and whose oldest child is younger than 18. I highlight three features of fertility and FLFP in Iran from 1990 Iran from -2004 in this table. First, we observe a declining trend in the number of children; second, depending on the year of the interview, a low FLFP rate of 10-14 percent in urban areas for the selected sample is observed. The rigidity of FLFP in this period is an important feature that has been addressed in the literature (Majbouri 2010) . Third, fertility and FLFP are comparable for all three categories.
Trends in fertility and FLFP are depicted in Figures 1 and 2 , respectively, for three subsamples of women from the HIES data.
While fertility shows a sharp decline during this period, based on economic theory, we expect an increase in FLFP. However, we observe no such increase over the period in Figure 2 . The objective of this paper is to investigate whether and to what extent fertility impacts FLFP in urban Iran. I continue this discussion in section "Estimation results", where I present the results. Table 1 reports the summary statistics for each sample of the 20 to 35-year-old mothers in the three samples of 1 + , 2 + , and 3 + .
Sex composition of children and fertility
Similar to Angrist and Evans (1998) , I use the following two-stage least squares (2SLS) regression model of FLFP: Figure 1 Trend in number of children by age group and family size: 1990-2004.
Here, x i is a measure of fertility for woman i; y i is an indicator of FLFP; w i includes socioeconomic characteristics of i; and z i denotes the instrumental variable based on the sex composition of the children. The instrumental variable is an indicator for the sex composition of the children. The theoretical framework underlying the effect of son preference on fertility is captured by the quality-quantity model of fertility developed Note: I report the mean of each variable with the standard deviation in parentheses.
The variable "age at first birth" is measured by assuming that matching of the women with their respected children is perfect. Therefore, this variable is measured by error.
by Becker and Lewis (1974) . Based on this model, in the current study, parents derive utility from quantity and quality of children. The sex composition of children in this model is viewed as a source of utility related to the quality of children. If parents are not satisfied with the sex composition of children, they will be more likely to expand their family to draw utility from quantity of children or from a more desired composition of children. Therefore, having more children is a response to dissatisfaction from the sex composition of the children. Based on the above framework and similar to Ben-Porath and Welch (1976) , I analyze the effect of the sex composition of children on fertility among Iranian families. Table 2 reports how the firstborn's sex influences the number of children. In the 1 + sample, the difference by the first child's sex suggests that families with a firstborn daughter are one percentage point more likely to have a second child. This is consistent with the preference for a son among Iranian parents. Similarly, in the 2 + and 3 + samples, the presence of a firstborn son reduces the likelihood of a third and a fourth child. Thus, the firstborn's sex is a plausible instrumental variable for number of children. Similarly, among families with two or more children, the difference by the firstborn's sex suggests that those with a firstborn daughter are 2.4 percentage points more likely to have a third child (Table 3 ). This finding is also consistent with the fact that Iranian parents have a marked son preference, especially for the first birth.
Similar to the case of the firstborn daughter, the second daughter also increases the likelihood of having a third child. The effect, however, is smaller than that of the firstborn girl. Parents of a second daughter are 1.7 percentage points more likely to have a third child. Further, while parents with two sons are 1.2 percentage points less likely to have a third child, parents with two girls are 4.5 percentage points more likely to have a third child. This also shows that parents of a mix of male and female children are 2.4 percentage points less likely to have a third child relative to parents of same-sex children.
There are three points worth mentioning about Table 3 . First, all the evidence demonstrates a marked preference for sons among Iranian families; while sons reduce the likelihood of a third child, daughters increase it. Second, the effect of two daughters is larger compared to other combinations. Third, this table shows that the sex composition of children has a strong explanatory power on fertility Similarly, Table 4 reports the relation between sex composition of children and probability of having a fourth child in families with at least three children. Based on this table, I use the indicator of having at least two sons as an instrument to investigate the effect of a fourth child on FLFP in the 3 + sample.
Random assignment of sex composition makes it very likely that these IV estimates of the effect of fertility on FLFP have a causal interpretation. Selective abortion and infanticide are quite rare in Iran because both have been illegal since the 1979 Islamic Revolution, except in very specific cases where the mother is in serious danger or the baby is expected to born with a severe disease (Hoodfar 1996; Mehryar et al. 2007 ). Thus, we treat the gender composition of children as essentially random.
One empirical test for random assignment of the sex composition of children is to compare the sex ratio by birth order and sex of previous children (Almond and Edlund 2008) . For the general human population, sex ratio, defined as the proportion of males to females, is about 1.05, with the exception of during and after wartime, where it was documented to be slightly higher. Otherwise, a higher-than-normal sex ratio is a sign of sex-selective abortion. In such cases, the sex ratio will depend on previous children's sex composition. For example, due to the availability of prenatal sex determination, a two-child family that already has a daughter and prefers sons is more likely to abort a girl fetus relative to a boy fetus. Table 5 reports sex ratio by birth order and previous children's sex composition. No significant inflated sex ratio is evident from this table. Although the sex ratio is slightly larger than 1.05 for the third child, there is no significant difference between the sex ratios of families with two sons and families with two daughters. Thus, the sex composition of children can be treated as random. The results of the 1996 and 2006 Iranian Censuses in Additional file 1: Table S2 support the randomness of sex composition in Iran. An alternative test for random assignment of child sex composition is to compare demographic characteristics of families by the sex composition of children (Angrist and Evans 1998) . If sex composition is random, there is no significant difference between demographic characteristics of families by this composition, as the insignificant differences in Table 6 suggest.
The random assignment of sex composition of children makes it very likely that the reduced form regressions of fertility and FLFP have a causal interpretation. Section "Estimation results" reports this estimation, and the results confirm that the three dummies of firstborn son, two daughters, and two sons and more are plausible instrumental variables for investigating the effect of fertility on FLFP in the 1 
Estimation results
In this section, I estimate the effect of having more children on FLFP using the 2SLS regression model of FLFP shown in equations (1) and (2). As explained earlier, I estimate the model for three subsamples of women. I use number of children, an indicator denoting that a woman has more than 2 children, and an indicator denoting that a woman has more than three children as measures of fertility for the samples 1 + , 2 + , and 3 + , respectively. The respective instrumental variables are indicators of a firstborn son, two daughters, and two or more sons. All the specifications include indicators of age, namely, I(25 ≤ age ≤ 29), I(30 ≤ age ≤ 35); indicators of schooling, namely, I(1 ≤ schooling ≤ 5), I(6 ≤ schooling ≤ 8), I(9 ≤ schooling ≤ 12), I(13 ≤ schooling); age at first birth 1 ; log(nonlabor income); and year effects. Table 7 reports the results of the OLS and IV estimates of the effect of children on FLFP for all three samples as well as the results of the first-stage estimates.
All three samples confirm the strong association between fertility and child sex composition. The F-statistics of a test for weak instrument hypothesis based on Stock and Yogo (2005) strongly rejects the null hypothesis of a weak instrument. The IV estimates suggest no significant effect of fertility on FLFP, while the OLS estimates report negative effects. Although the OLS estimates are small, they are significant. Most studies of the causal effect of fertility on FLFP find a negative effect, which is usually smaller than the OLS estimates but is still significant. For example, using the firstborn's sex as an instrumental variable; Chun and Oh (2002) find that an additional child reduces the labor force participation of Korean mothers by 27%. Angrist and Evans (1998) estimate the effect of a third child on women's income to be −0.12. On the other hand, Agüero and Marks (2008) find no evidence that fertility has a causal effect on FLFP.
Although the insignificant effect of fertility on FLFP is consistent with the aggregate trend of FLFP for urban Iranian families (see Figures 1 and 2) , the result is nevertheless surprising.
My finding suggests that children at the extensive margin are not a barrier for the female labor supply. However, one possibility is that fertility influences labor supply of women at the intensive margin. That is, women may change their work hours in response to having a larger family. Unfortunately, information on hours of work are not available in the HIES. Therefore, it is not feasible to estimate the effect of children on female labor supply at the intensive margin. Even if this is a plausible explanation, the rigidity of FLFP at low levels is still surprising.
The low rate of FLFP in Iran and its rigidity over the last three decades have been referred to as a puzzle in development literature (Majbouri 2010) . It is more surprising to know that this rigidity was concurrent with a sharp decline in fertility, as mentioned earlier, and a considerable increase in the education of women. For example, according to the Statistical Center of Iran, the female-to-male student ratio in Iranian public and private colleges has increased from less than 0.4 in 1990 to about 1.2 in 2005. Note: All the specifications include indicators of age: I(25 ≤ age ≤ 29), I(30 ≤ age ≤ 35); indicators of schooling: I(1 ≤ schooling ≤ 5), I(6 ≤ schooling ≤ 8), I(9 ≤ schooling ≤ 12), I(schooling ≤ 13); age at first birth; log(nonlabor income); and year effects. Standard errors are reported in parentheses. ***significant at the 1% level, **significant at the 5% level.
With the sharp decline in fertility and considerable increase in women's education in Iran, we expect an increase in FLFP. However, FLFP has remained low at 10-14 percent. While investigating the reasons behind the low rate and rigidity of FLFP is outside the scope of this paper, I state a few potential reasons: Many observers believe that religion is the main reason for the low representation of women in the labor market (Sharabi 1988). They emphasize the common problem of low FLFP throughout the Middle East and attribute it to the influence of traditional and religious norms. The suggested mechanism is that traditional norms result in discrimination against women in the labor market, by restricting both labor supply and labor demand for women. This explanation, however, does not seem plausible as countries like Bangladesh and Indonesia are predominantly Muslim but have high rates of FLFP.
Using cross-country data, Ross (2008) shows that the effect of Islam disappears as he controls for oil and gas income, and he concludes that oil, not Islam, is responsible for low rates of FLFP in Iran and other Middle Eastern countries. Majbouri (2015) challenges this argument by proposing a mechanism through which oil and gas income along with traditional institutions account for the rigidity of FLFP. He explains that oil and gas income acts as rent and strengthens traditional norms and the religion's influence among Muslim countries with access to oil income.
Conclusion
Rigidity of FLFP in urban Iran in the last three decades has been a consensus in development literature. It is more surprising to know that it has been simultaneous with the period in which fertility has sharply declined and women's education has considerably increased (Majbouri 2010) . I investigate the causal effect of fertility on FLFP to shed light on a part of this puzzle.
Following Angrist and Evans (1998) , I exploit the random assignment of sex composition of children as an instrument to investigate the causal effect of fertility on FLFP among Iranian families in urban areas. As Iranian parents prefer to have sons relative to daughters, I show that the presence of sons reduces the likelihood of having more children in Iranian families. Based on this information, I exploit the sex composition of children to investigate the effect of fertility on FLFP.
While most estimates of the causal effect of fertility on FLFP report negative effects, I find no evidence that the presence of more children is a barrier for mothers to work. This finding is similar to that of Agüero and Marks (2008) and consistent with the aggregate trend in FLFP in urban Iran. Oil and gas income along with traditional institutions in Iran are considered to account for the rigidity of FLFP (Majbouri 2015) .
Endnote 1 As explained in section "Data and descriptive statistics", I restrict the sample according to the ages of the women and their oldest child to match the women with their respective children. If the match is not close to perfect, the estimate of the variable "age at first birth" will be erroneous, resulting in a bias in estimates. In my result, however, excluding this variable does not change the main finding of the paper; that is, fertility continues to have an insignificant effect on FLFP.
